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the purpose was to evaluate intra and inter-rater reliability, repeatability and absolute accuracy 
between ultrasound imaging (US) and caliper measures to determine Spring ligament (SL) dimensions 
in cadavers. SLs were identified from 62 human feet from formaldehyde-embalmed cadavers. Intra and 
inter-observer reliability, repeatability and absolute accuracy of SL width, thickness and length between 
US and caliper measurements were determined at intra and inter-session by intraclass correlation 
coefficients, Pearson´s correlation coefficients, Student t tests, standard errors of measurement, 
minimum detectable changes, values of normality, 95% limits of agreement, and Bland-Altman plots. 
Excellent inter-session and inter-rater reliability, adequate absolute accuracy, almost perfect agreement 
and strong correlations were shown for caliper, US and their comparison for all SL dimensions. US 
measurements presented higher absolute accuracy than caliper measures for SL length and thickness 
dimensions, while caliper displayed greater absolute accuracy for SL width dimensions. Good 
repeatability (P > 0.05) was shown for all SL dimensions by US, caliper and their comparison, except for 
SL width dimension measured with US (P = 0.019). Both US and caliper could be recommended for all 
SL dimensions evaluation due to their excellent reliability and absolute accuracy in cadavers, although 
width dimensions should be considered with caution due to US repeatability differences.
Spring ligament (SL), also called as plantar calcaneonavicular ligament, plays an important role as the main stabi-
lizer of the foot internal arch with great repercussion in the hindfoot function1. In addition, secondary structures 
such as plantar fascia, superficial deltoid ligament and other plantar ligaments in conjunction with the SL may 
be considered as the responsible anatomic structures to maintain the foot internal arch. SL is extended from the 
calcaneus to navicular bones forming a sling that stabilizes the hindfoot2.
Indeed, SL injuries seem to be very common and related to the rupture of the ligament, leading to plantar 
flexion talus displacement and valgus hindfoot deformity, which may generate an adult acquired pes planus. 
Consequently, surgery may be required for this rupture after traumatic conditions or others factors such as degen-
erative disease, iatrogenic injury, infection or tumors on the hindfoot, which require a full understanding of 
the SL anatomy. In addition, SL reconstruction provides a good correction of the foot internal arch with main 
implications in the rehabilitation field. Accordingly, anatomic landmarks of the SL may be essential to play down 
surgery-associated lesions and deformities of the hindfoot3,4. Several studies have evaluated this anatomic struc-
ture by ultrasound imaging (US) and caliper measurements in cadavers5–8, although prior investigations have 
not yet analyzed the reliability for measuring SL dimensions using caliper and US to determine the anatomic 
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correlation of the SL in cadaveric feet. Thus, given that there is existing literature correlating ultrasound meas-
urements to clinical decisions and other imaging modalities5–8, absolute accuracy of the measurement needs to 
be determined due to the lack of studies about reliability and correlation between caliper and US measurements 
of the SL in cadaveric feet addressing width, thickness and length for a better accuracy of these evaluations and 
the improvement of ultrasound-guided procedures9. Both intra and inter-rater reliability needs to be detailed 
in order to determine absolute accuracy and repeatability of these measurements within a same evaluator and 
between both evaluators by both US and caliper10–13. Separately, both tools have shown appropriate reliability for 
SL dimensions measured by experienced raters, nevertheless US and caliper measures have not been compared as 
well as SL width dimensions have not yet been measured by US5–8. We hypothesized that caliper and US use may 
show an excellent reliability to analyze of the SL anatomic dimensions in cadaver. Thus, the study purpose was to 
evaluate the intra and inter-rater reliability between US and caliper measures to determine SL width, thickness 
and length in cadaveric feet at intra and inter-session.
Materials and Methods
Study design. A reliability study was carried out in order to determine the intra and inter-rater reliability 
between US and caliper measures detailing SL width, thickness and length in cadaveric feet at intra and inter-ses-
sion. The Updated List of Essential Items for Reporting Diagnostic Accuracy Studies (STARD 2015) criteria were 
followed14.
Sample size calculation. The minimum number of specimens required was calculated based on reliability 
testing to determine reliability. In this study, the ICCs were used for reliability testing at a target value of 0.8 and a 
95% CI of 0.2. We calculated the sample size to be 36 specimens with a Bonett’s approximation15.
ethical aspects. This research was approved by the local Research Ethical Committee in the University of 
Rey Juan Carlos (URJC), in the town of Móstoles, province of Madrid (Spain), with internal code 0801201800618. 
In addition, all methods were performed in accordance with the relevant guidelines and regulations. Consent for 
this study was previously obtained from the anatomy department.
cadavers and embalming method. Sixty-two feet from formaldehyde-embalmed human cadavers, 8 
males and 26 females, without presence of any type of trauma were recruited in our research protocol9. The mean 
(SD) age was 76.46 (6.46) years; range from 66 to 89 years old. The human cadaveric feet comprised 30 right and 
32 left feet. The adult cadavers came from the Scientific Anatomy Center, S.L. in the town of Valencia (Spain) in 
the town of Valencia (Spain). Scientific Anatomy Center, S.L. which included informed consent as part of the 
cadaver donation process.
The used preservation method for embalming the cadavers was perfusion through the femoral artery with a 
blending of formaldehyde, ethanol, methanol, phenol and glycerine that improve the longevity of the body and 
tissues, reducing the infection risk16.
Ultrasound measurements. US images were recorded by a Mindray Z6 Digital Ultrasonic Diagnostic 
System (Shenzhen Mindray Bio-Medical Electronics Co., Ltd, Shenzhen, China) by using a linear transducer type 
L4-P with a frequency bandwidth range of 5–10 MHz.
All human cadaver feet were located at the same immobilized neutral position. Then, two independent and 
experienced musculoskeletal podiatrists (with at least 5 years of musculoskeletal US experience) collected the US 
measurements to determine the width, thicknesses and length (cm) of the SL in cadaveric feet (Fig. 1).
caliper measurements. Thereafter, the foot cadaver dissection was carried out in order to expose the SL 
for its measurement with a digital LCD caliper (BURG-WÄCHTER KG, Wetter, Germany) with the subtalar joint 
foot in neutral position. Two podiatrists recorded the width, thicknesses and length (cm) of the SL in cadaveric 
feet with this device (Fig. 2).
Reliability study protocol. After two days, the protocol design was repeated identical to the first session 
of measure. The values of the measurements from 1st and 2nd sessions as well as 1st and 2nd observers were used 
to analyze the intra and inter-rater reliability at intra and inter-session. The podiatrists did not have access to the 
information records of the 1st session until recorded values were registered after the 2nd session.
Statistical analyses. Statistical analyses were carried out by the statistical package of SPSS 19.0 software 
for windows (SPSS Inc., Chicago, USA). First, the Kolmogorov-Smirnov test was used to assess normality. All 
variables were parametric data due to a normal distribution was shown (according to a P-value > 0.05 of the 
Kolmogorov-Smirnov test). Second, mean ± standard deviation (SD) as well as upper and lower limits for 95% 
confidence interval (CI) were used in order to describe all data. Finally, differences between two measurement 
values were analyzed by the Student t test for paired samples.
Reliability between two measurement values was determined by the Intraclass Correlation Coefficient 
(ICC) and Pearson´s correlation coefficient (r). Indeed, ICC values were interpreted as poor (ICC < 0.40), fair 
(ICC = 0.40–0.59), good (ICC = 0.60–0.74), and excellent (ICC = 0.75–1.0)17. In addition, r coefficient values 
were categorized as weak (r = 0.00–0.40), moderate (r = 0.41–0.69), and strong (r = 0.70–1.00)18.
The 95% limits of agreement (LoA) between sessions and devices expressed the degree of error proportional 
to the mean of the measurement units, and these statistics were calculated using the methods described by Bland 
and Altman11. If the differences between the measurements tended to agree, the results were close to zero.
Standard errors of measurement (SEM) were calculated to measure the range of error of each parameter. The 
SEM was calculated from the ICCs and SDs for each of the three measurements. SEM were calculated according 
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to the formula SEM = SD × sqrt (1 − ICC). Indeed, the minimum detectable change (MDC) was calculated from 
the SEM values by the following formula MDC = × . × SEM2 1 96  at a 95% CI which reflected the magnitude 
of change necessary to provide confidence to be sure about these changes were not the result of random variations 
or measurement errors. Both SEM and MDC were analyzed according to Bland and Altman12. Furthermore, 
values of normality (VN) of the sample for all outcome measurements were obtained by the formula 
VN = Mean + /_1.96 * SD.
Finally, Bland-Altman plots11,12 were calculated to display the agreement between US and caliper. These plots 
showed the difference between each pair of measurements on the y-axis against the mean of each pair of measure-
ments on the x-axis. A P-value < 0.05 with a 95% CI was used for the data analysis.
Results
Analysis of reliability of the SL morphology by US between the first and second session by first observer (Table 1) 
showed excellent intra-rater (ICC(1-1) = 0.992–1.00) and inter-rater reliability (ICC(1-1) = 0.997–0.999) with 
a strong correlation (r = 0.994–0.998; P < 0.05) for length and thickness measurements. Nevertheless, poor to 
good intra-rater (ICC(1-1) = 0.545–0.612) and inter-rater reliability (ICC(1-1) = 0.279) with a weak non-significant 
correlation (r = −0.124; P > 0.001) was shown for width measurements. In addition, there were not statistically 
significant differences (P < 0.05) between sessions.
Analysis of reliability of the SL dimensions by caliper between the first and second session by first observer 
(Table 2) showed excellent intra-rater (ICC(1-1) = 0.875–1.00) and inter-rater reliability (ICC(1-1) = 0.958–0.996) 
Figure 1. Ultrasound measurements of the Spring Ligament for length (A), thickness (B) and width (C) 
dimensions in cadaver foot. Abbreviations: N, Navicular; ST; Sustentaculum Tali; T, Talus; TP, Tibial Posterior 
tendon. Green arrows showed bone references of Navicular and Sustentaculum Tali for length measurements. 
Red arrows showed Spring Ligament references for thickness and width measurements.
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with a strong correlation (r = 0.922–0.992; P < 0.001) for length, thickness and width measurements. In addition, 
there were not statistically significant differences (P > 0.05) between sessions.
Analysis of reliability of the SL dimensions by US between the first and second session by second observer 
(Table 3) showed excellent intra-rater (ICC(1-1) = 0.987–0.999) and inter-rater reliability (ICC(1-1) = 0.995–0.998) 
with a strong correlation (r = 0.991–0.996; P < 0.001) for length and thickness measurements. Nevertheless, poor 
to fair intra-rater (ICC(1-1) = 0.276–0.540) and inter-rater reliability (ICC(1-1) = 0.213) with a weak non-significant 
correlation (r = 0.124; P > 0.05) was shown for width measurements. In addition, there were not statistically sig-
nificant differences (P < 0.05) between sessions.
Analysis of reliability of the SL dimensions by caliper between the first and second session by second observer 
(Table 4) showed excellent intra-rater (ICC(1-1) = 0.877–1.00) and inter-rater reliability (ICC(1-1) = 0.996) with a 
strong correlation (r = 0.936–0.993; P < 0.001) for length, thickness and width measurements. In addition, there 
Figure 2. Caliper measurements of the Spring Ligament for length (A), thickness (B) and width (C) 
dimensions in cadaver foot. Red arrows showed Spring Ligament references for thickness and width 
measurements.
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Sessions
First Observer Us Measurements
First Session Second Session Intersession
Variables
Mean 
(SD) 95% 
CI
ICC(1-1) 
(95% 
CI) SEM MDC
Normalized 
values (95% 
CI)
Mean 
(SD) 
95% 
CI
ICC(1-1) 
(95% 
CI) SEM MDC
Normalized 
values (95% 
CI)
Mean 
(SD) 
95% CI
ICC 
(95% 
CI) SEM MDC
LoA 
(95%CI) P-value r (P-value)
Normalized 
values (95% 
CI)
Length
1.57 
(0.33) 
1.48–1.65
0.995 
(0.993–
0.997)
0,0009 0,002 1.57 (0.64) (0.93–2.21)
1.57 
(0.33) 
1.49–
1.65
1 
(0.999–
1)
0.000 0.0001 1.57 (0.64) (0.93–2.21)
1.57 
(0.33) 
1.49–
1.65
0.999 
(0.998–
0.999)
0.0001 0,0003
0–00 
(−0.04–
0.04)
0.118 0.998 (<0.001)
1.57 (0.64) 
(0.93–2.21)
Thickness
0.44 
(0.10) 
0.41–0.46
0.992 
(0.988–
0.995)
0.008 0.024 0.46 (0.19) (0.27–0.65)
0.44 
(0.10) 
0.41–
0.46
0.994 
(0.991–
0.996)
0,007 0.021 0.44 (0.19) (0.25–0.63)
0.44 
(0.10) 
0.41–
0.46
0.997 
(0.995–
0.998)
0.005 0.015
0.00 
(−0.02–
0.02)
0.740 0.994 (<0.001)
0.44 (0.19) 
(0.25–0.63)
Width
1.25 
(0.14) 
1.21–1.28
0.612 
(0410–
0753)
0.087 0.241 1.25 (0.27) (0.98–1.52)
1.26 
(0.11) 
1.23–
1.29
0.545 
(0.308–
0.710)
0.074 0.205 1.25 (0.14) (1.21–1.28)
1.25 
(0.00) 
1.24–
1.26
0.279 
(−0.305–
0.519)
0 0
−0.01 
(−0.40–
0.38)
0.634 −0.124 (0.336)
1,25 (0,15) 
(1.10–1.40)
Table 1. Analysis of reliability of the Spring Ligament dimensions by ultrasound between the first and 
second session by first observer and normalized values. Abbreviations: CI, confidence interval; ICC, Intraclass 
Correlation Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change; r, Pearson 
correlation coefficient; SEM, standard error of measurement; SD, standard deviation; US, ultrasound imaging.
Sessions
First Observer Caliper Measurements
First Session Second Session Intersession
Variables
Mean 
(SD) 
95% CI
ICC(1-1) 
(95% 
CI)
SEM MDC
Normalized 
values (95% 
CI)
Mean 
(SD) 
95% CI
ICC(1-1) 
(95% 
CI)
SEM MDC
Normalized 
values (95% 
CI)
Mean 
(SD) 
95% CI
ICC 
(95%CI) SEM MDC
LoA 
(95%CI) P-value r (P-value)
Normalized 
values (95% 
CI)
Length
1.68 
(0.62) 
1.52–
1.83
1 (1–1) 0.000 0.000 1.58 (0.68)(0.9–2.26)
1.59 
(0.30)
1.50–
1.67
1 (1–1) 0 0 1.59 (0.58)(1.01–2.17)
1.63 
(0.06)
(1.54–
1.72)
0.959
(0.931–
0.975)
0.0436 0.1209
0.10
(−1.00–
1.20)
0.690 0.929 (<0.001)
1.59 (0.62)
(0.97–2.21)
Thickness
0.41 
(0.10) 
0.38–
0.44
0.999
(0.999–
0.999)
0.003 0.008 0.41 (0.19)(0.22–0.60)
0.41 
(0.10)
0.38–
0.44
0.989 
(0.983–
0.993)
0.010 0.029 0.41 (0.19)(0.22–0.60)
0.41 
(0.10)
0.38–
0.44
0.996
(0.994–
0.998)
0.006 0.017
0.00
(−0.03–
0.02)
0.694 0.992 (<0.001)
0.41 (0.19)
(0.22–0.60)
Width
1.21 
(0.10) 
1.19–
1.24
0.875
(0.810–
0.921)
0.035 0.098 1,23 (0,18)(1.19–1.28)
1.22 
(0.11)
1.19–
1.24
0.999 
(0.999–
0.999)
0.003 0.009 1.21 (0.21)(1–1.42)
1.21 
(0.00)
1.19–
1.24
0.958
(0.930–
0.975)
0 0
0.00
(−0.04–
0.03)
0.133 0.922 (<0.001)
1.21
(1–1.42)
Table 2. Analysis of reliability of the Spring Ligament dimensions by caliper between the first and second 
session by first observer and normalized values. Abbreviations: CI, confidence interval; ICC, Intraclass 
Correlation Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change; r, Pearson 
correlation coefficient; SEM, standard error of measurement; SD, standard deviation.
Sessions
Second Observer Us Measurements
First Session Second Session Intersession
Variables Mean (SD) 95% CI
ICC(1-1) 
(95% CI) SEM MDC
Normalized 
values (95% 
CI)
Mean 
(SD) 
95% 
CI
ICC(1-1) 
(95% 
CI)
SEM MDC
Normalized 
values (95% 
CI)
Mean 
(SD) 
95% CI
ICC 
(95%CI) SEM MDC
LoA 
(95%CI)
P-
value
r (P-
value)
Normalized 
values (95% 
CI)
Length 1.57 (0.32)1.49–1.66
0.999 
(0.999–1) 0.0001 0.0003
1.57 (0.60)
(0.95–2.17)
1.57 
(0.32)
1.49–
1.65
0.994
(0.990–
0.996)
0.0009 0.0025 1.57 (0.62)(0.95–2.19)
1.57 
(0.32)
(1.49–
1.65)
0.998
(0.997–
0.999)
0 0.0001
0.00
(−0.03–
0.03)
0.734 0.996 (<0.001)
1.57 (0.62)
(0.95–2.19)
Thickness 0.44 (0.09)0.41–0.46
0.997
(0.995–
0.998)
0.004 0.013 0.44 (0.17)(0.27–0.61)
0.44 
(0.09)
0.41–
0.46
0.987
(0.980–
0.992)
0.010 0.028 0.44 (0.17)(0.27–0.61)
0.44 
(0.09)
0.41–
0.46
0.995
(0.992–
0.997)
0.007 0.019
0.00
(−0.06–
0.06)
0.772 0.991 (<0.001)
0.44 (0.17)
(0.27–0.61)
Width 1.24 (0.11)1.21–1.27
0.276
(−0.109–
0.542)
0.093 0.259 1.22 (0.25)(0.97–1.45)
1.20 
(0.10)
1.17–
1.22
0.540
(0.293–
0.709)
0.067 0.188 1.18 (0.23)(0.95–1.48)
1.22 
(0.07)
1.20–
1.24
0.213
(−0,276–
0.519)
0.062 0.172
0.04
(−0.25–
0.33)
0.063 0.124(0.338)
1.20 (0.19)
(1.01–1.39)
Table 3. Analysis of reliability of the Spring Ligament dimensions by ultrasound between the first and second 
session by second observer and normalized values. Abbreviations: CI, confidence interval; ICC, Intraclass 
Correlation Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change; r, Pearson 
correlation coefficient; SEM, standard error of measurement; SD, standard deviation; US, ultrasound imaging.
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were statistically significant differences (P < 0.05) between sessions for length, but not for thickness or width 
measurements (P > 0.05).
Analysis of reliability of the SL dimensions by first observer between US and caliper measurements (Table 5) 
showed excellent intra-rater reliability (ICC(1-1) = 0.877–0.978) with a strong correlation (r = 0.805–0.957; 
P < 0.001) for length and thickness measurements. Nevertheless, poor intra-rater reliability (ICC(1-1) = 0.207) 
with a weak non-significant correlation (r = 0.127; P > 0.05) was shown for width measurements. In addition, 
there were inter-session statistically significant differences (P < 0.05) between US and caliper measurements for 
thickness and width, but not for length measurements (P > 0.05).
Analysis of reliability of the SL dimensions by second observer between US and caliper measurements 
(Table 6) showed excellent intra-rater reliability (ICC(1-1) = 0.862–0.996) with a strong correlation (r = 0.781–
0.993; P < 0.001) for length and thickness measurements. Nevertheless, poor intra-rater reliability (ICC(1-
1) = 0.232) with a weak non-significant correlation (r = −0.104; P > 0.05) was shown for width measurements. In 
addition, there were inter-session statistically significant differences (P < 0.05) between US and caliper measure-
ments for thickness, but not for length and width measurements (P > 0.05).
Analysis of reliability of the SL dimensions by US between inter-session first and second observer (Table 7) 
showed excellent inter-rater reliability (ICC(1-1) = 0.938–0.994) with a strong correlation (r = 0.893–0.989; 
P < 0.001) for length, thickness and width measurements. Nevertheless, there were inter-rater statistically sig-
nificant differences (P < 0.05) between first and second observer for width measurements, but not for length and 
thickness measurements (P > 0.05).
Analysis of reliability of the SL dimensions by caliper between inter-session first and second observer 
(Table 8) showed excellent inter-rater reliability (ICC(1-1) = 0.825–0.998) with a strong correlation (r = 0.725–
0.998; P < 0.001) for length, thickness and width measurements. In addition, there were not any inter-rater 
Sessions
Second Observer Caliper Measurements
First Session Second Session Intersession
Variables
Mean 
(SD) 95% 
CI
ICC(1-1)
(95% 
CI) SEM MDC
Normalized 
values
(95% CI)
Mean 
(SD) 
95% CI
ICC(1–1)
(95% 
CI) SEM MDC
Normalized 
values
(95% CI)
Mean 
(SD) 
95% CI
ICC 
(95% 
CI) SEM MDC
LoA
(95%CI) P-value r (P-value)
Normalized 
values
(95% CI)
Length
1.58 
(0.32) 
1.50–1.66
1
(1–1) 0 0
1.58 (0.62) 
(0.96–2.20)
1.59 
(0.31) 
1.51–
1.67
1
(1–1) 0 0
1.59 (0.60) 
(0.99–2.19)
1.58 
(0.32) 
(1.50–
1.66)
0.996
(0.994–
0.998)
0,0004 0,0012
−0.01
(−0.08–
0.06)
0.039 0.993(<0.001)
1.58 (0.62)
(0.96–2.20)
Thickness
0.41 
(0.10) 
0.38–0.43
0.987
(0.980–
0.992)
0.011 0.31 0.41 (0.19) (0.22–0.60)
0.41 
(0.10) 
0.39–
0.44
0.999
(0.999–
1)
0.003 0.008 0.41 (0.19) (0.22–0.60)
0.41 
(0.10) 
0.38–
0.44
0.996
(0.993–
0.997)
0.006 0.017
−0.00
(−0.03–
0.02)
0.454 0.992(<0.001)
0.41 (0,19)
(0.22–0.60)
Width
1.22 
(0.11) 
1.19–1.24
0,999
(0.999–
0.999)
0.003 0.009 1,22 (0,21) (1.01–1.43)
1.22 
(0.13) 
1.19–
1.25
0.999
(0.999–
0.999)
0.004 0.011 1.20 (0.25) (0.95–1.45)
1.22 
(0.11) 
1.19–
1.24
0.999
(0.999–
0.999)
0.003 0.009
−0.001
(−0.006–
0.004)
0.392 0.936(<0.001)
1.21 (0,21)
(1–1.42)
Table 4. Analysis of reliability of the Spring Ligament dimensions by caliper between the first and second 
session by second observer and normalized values. Abbreviations: CI, confidence interval; ICC, Intraclass 
Correlation Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change; r, Pearson 
correlation coefficient; SEM, standard error of measurement; SD, standard deviation.
Obserber
First 
Observer Us 
measurements
First Observer 
Caliper 
measurements Intersession
Variables
Mean (SD)
95% CI
Mean (SD)
95% CI
Mean 
(SD)
95% 
CI
ICC(1-1)
(95% CI) SEM MDC
LoA
(95%CI)
P-
value
r
(P-value)
Normalized 
values
(95% CI)
Length 1.57 (0.33)1.49–1.65
1.63 (0.06)
(1.54–1.72)
1.58 
(0,33)
1.49–
1.66
0.978
(0.963–
0.986)
0.0196 0.0542
0.06
(−0.50–
0.63)
0.170 0.957(<0.001)
1.58 (0.64)
(0.94–2.22)
Thickness 0.44 (0.10)0.41–0.46
0.41 (0.10)
0.38–0.44
0.42 
(0.10)
0.40–
0.45
0.877
(0.773–
0.931)
0.035 0.097
0.06
(−0.50–
0.63
0.002 0.805(<0.001)
0.42 (0.19)
(0.23–0.61)
Width 1.25 (0.00)1.24–1.26
1.21 (0.00)
1.19–1.24
1.23 
(0.02)
1.19–
1.26
0.207
(−0.265–
0.510)
0.017 0.049
0.03
(−0.10–
0.15)
0.018 0.127(0.327)
1.23 (0.19)
(1.04–1.42)
Table 5. Analysis of reliability of the Spring Ligament dimensions by first observer between ultrasound 
and caliper measurements and normalized values. Abbreviations: CI, confidence interval; ICC, Intraclass 
Correlation Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change; r, Pearson 
correlation coefficient; SD, standard deviation; US, ultrasound imaging.
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statistically significant differences (P > 0.05) between first and second observer for length and thickness, width 
measurements.
Analysis of reliability and correlation of the SL dimensions between inter-session US and caliper measure-
ments for both observers (Table 9) showed an excellent inter-rater reliability (ICC(1-1) = 0.911–0.966) with a 
strong correlation (r = 0.852–0.937; P < 0.001) for length, thickness and width measurements. In addition, there 
were not inter-session statistically significant differences (P > 0.05) between US and caliper measurements length, 
thickness and width measurements.
The LoA (95% CI) of the measurements using both devices, US and caliper, showed values for all dimensions 
which tended to almost perfect agreement, showing no variability. Figures 2–4 showed the Brand-Altman plots 
for length, thickness and width dimensions, respectively, between US and caliper measurements. For each varia-
ble and almost every specimen, the difference between device´s means fell within the 95% CI of all measurements.
Discussion
Several investigations about dimensions of the SL have used magnetic resonance imaging (MRI) to evaluate the 
anatomy of this structure in cadaveric feet6,19,20, specially Mengiardi et al. described accurately the SL complex in 
asymptomatic cadaveric feet.
Despite both US and caliper measurements of SL dimensions have been previously carried out in cadav-
ers5–8, our study may be considered as the first study showing an excellent inter-session and inter-rater relia-
bility (ICCUS = 0.825–0.990; ICCCaliper = 0.825–0.998; ICCUS vs Caliper = 0.911–0.966)17, absolute accuracy 
showing adequate SEM (SEMUS = 0–0.025 cm; SEMCaliper = 0–0.030 cm), MDC (MDCUS = 0–0.069 cm; 
Obserber
Second 
Observer Us 
Measurements
Second 
Observer 
Caliper 
Measurements Intersession
Variables
Mean (SD) 
95% CI
Mean (SD) 
95% CI
Mean 
(SD) 
95% 
CI
ICC(1-1) 
(95% CI) SEM MDC
LoA 
(95%CI)
P-
value
r (P-
value)
Normalized 
values (95% 
CI)
Length 1.57 (0.33)1.49–1.65
1.58 (0.32)
1.50–1.66
1.58 
(0.32)
1.50–
1.66
0.996
(0.993–
0.998)
0.0004 0.0011
0.01
(−0.07–
0.09)
0.084 0.993(<0.001)
1.58 (0,64)
(0.94–2.22)
Thickness 0.44 (0.09)0.41–0.46
0.41 (0.10)
0.38–0.44
0.42 
(0.10)
0.40–
0.45
0.862
(0.752–
0.921)
0.037 0.103
0.03
(−0.16–
0.10)
0.003 0.781(<0.001)
0.42 (0.19)
(0.23–0.61)
Width 1.22 (0.07)1.20–1.24
1.22 (0.11)
1.19–1.24
1.22 
(0.00)
1.22–
1.22
´0.232
(−1.068–
0.263)
0 0
0.00
(−0.27–
0.27)
0.709 ´−0.104(0.422)
1.21 (0.21)
(1–1.42)
Table 6. Analysis of reliability of the Spring Ligament dimensions by second observer between ultrasound 
and caliper measurements and normalized values. Abbreviations: CI, confidence interval; ICC, Intraclass 
Correlation Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change; r, Pearson 
correlation coefficient; SD, standard deviation; US, ultrasound imaging.
Obserber
First Observer 
Intersession
Second 
Observer 
Intersession Intersession
Variables
Mean (SD) 
95% CI
Mean (SD) 
95% CI
Mean 
(SD) 
95% 
CI
ICC(1-1) 
(95% 
CI) SEM MDC
LoA 
(95%CI)
P-
value r (P-value)
Normalized 
values (95% 
CI)
Length 1.57 (0.33)1.49–1.65
1.57 (0.32)
1.49–1.65
1.57 
(0.32)
1.49–
1.65
0.994
(0.991–
0.996)
0.025 0.069
−0.01
(−0.12–
0.10)
0.922 0.989(<0.001)
1.57 (0.62)
(0.95–2.19)
Thicknesses 0.44 (0.10)0.41–0.46
0.44 (0.09)
0.41–0.46
0.44 
(0.00)
0.41–
0.44
0.990
(0,985–
0,994)
0 0
0.03 
(−010–
015),
0.963 0.981(<0.001)
0.44 (0.17)
(0.27–0.61)
Width 1.25 (0.08)1.23–1.27
1.22 (0.07)
1.20–1.24
1.23 
(0.02)
1.22–
1.25
0.938
(0,892 to 
0,963)
0.005 0.013
0,03 
(−0.16–
0.23)
0.019 0.893(<0.001)
1.23 (0.17)
(1.16–1.40)
Table 7. Analysis of reliability of the Spring Ligament dimensions by ultrasound between inter-session first 
and second observer and normalized values. Abbreviations: CI, confidence interval; ICC, Intraclass Correlation 
Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change r, Pearson correlation 
coefficient; SD, standard deviation.
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Obserber
First Observer 
Intersession
Second 
Observer 
Intersession Intersession
Variables
Mean (SD) 
95% CI
Mean (SD) 
95% CI
Mean 
(SD) 
95% 
CI
ICC(1-1) 
(95% 
CI) SEM MDC
LoA 
(95%CI)
P-
value r (P-value)
Normalized 
values (95% 
CI)
Length 1.63 (0.40)1.53–1.73
1.58 (0.32)
1.50–1.66
1.60 
(0.03)
1.55–
1.65
0.825
(0,711 to 
0,894)
0.030 0.083
0.05
(−0.50–
0.60)
0.444 0.725(<0.001)
1.58 (0.62)
(0.96–2.20)
Thicknesses 0.41 (0.10)0.38–0.44
0.41 (0.10)
0.38–0.44
0.41 
(0.10)
0.38–
0.44
0,994
(0,991 to 
0,996)
0.007 0.021
0.00
(−0.03–
0.03)
0.999 0.989(<0.001)
0.41 (0.19)
(0.22–0.60)
Width 1.21 (0.10)1.19–1.24
1.22 (0.11)
1.19–1.24
1.21 
(0.00)
1.20–
1.22
0.998
(0.997–
0.999)
0 0
−0.003
(−0.02–
0.01)
0.886 0.998(<0.001)
1.21 (0.21)
(1–1.42)
Table 8. Analysis of reliability of the Spring Ligament dimensions by caliper between inter-session first and 
second observer and normalized values. Abbreviations: CI, confidence interval; ICC, Intraclass Correlation 
Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change; r, Pearson correlation 
coefficient; SD, standard deviation.
Variable
Intersesion Us 
Measurements 
Observer 1 and 2
Intersesion 
Caliper 
Measurements 
Observer 1 and 2 ICC (1-1) 
(95% CI)
LoA (95% 
CI) r (P-value)
P-
valueMean (SD) 95% CI Mean (SD) 95% CI
Length 1.57 (0.32)1.49–1.65
1.58 (0.32)
1.50–1.66
0.966
(0.943 to 
0.979)
0.04 
(−0.24–
0.31)
0,937
(<0.001) 0.538
Thicknesses 0.44 (0.09)0.41–0.46
0.41 (0.10)
0.38–0.44
0.911
0.8377 to 
0.9495)
−0.03 
(−0.15–
010)
0,856
(<0.001) 0.151
Width 1.23 (0.02)1.22–1.25
1.22 (0.11)
1.19–1.24
0.919
0.869 to 
0.950)
−0.02 
(−0.25–
0.22)
0,852
(<0.001) 0.240
Table 9. Analyses of reliability and correlation of the SL dimensions between inter-session US and caliper 
measurements for both observers. Abbreviations: CI, confidence interval; ICC, Intraclass Correlation 
Coefficient; LoA, 95% limits of agreement; MDC, Minimum Detectable Change; r, Pearson correlation 
coefficient; SD, standard deviation; SL, Spring ligament; US, ultrasound imaging.
Figure 3. Bland-Altman plot comparing ultrasound and caliper devices to measure length of Spring Ligament 
in each foot specimen.
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MDCCaliper = 0–0.083 cm) and VN (VNUS = 0.44 [0.17] - 1.57 [0.62] cm; cm; VNCaliper = 0.41 [0.19] - 1.58 [0.62] 
cm) values12, and almost perfect agreement according to the 95% CI LoA (LoAUS = −0.01 [−0.12–0.10] − 
0,03 [−0.16–0.23]; LoACaliper = −0.003 [−0.02–0.01] − 0.05 [−0.50–0.60]; LoAUS vs Caliper = 0.03 [−0.15–010] 
− 0.04 [−0.24–0.31]) values and Bland-Altman plots distribution (Figs 3–5)11,12, as well as strong correlations 
(rUS = 0.893–0.989; rCaliper = 0.725–0.998; ICCUS vs Caliper = 0.852–0.937)18 between caliper and US to determine all 
SL dimensions in cadaveric feet.
According to repeatability analyses10–13, our measurements showed good repeatability (P-value > 0.05) 
for the SL dimensions by US (Table 7), caliper (Table 8) and comparison between both tools (Table 9) 
between inter-session first and second observers values, except for SL width dimension measured with US 
(P-value = 0.019). Despite SL width dimensions should be considered with caution due to these US repeatability 
differences, to the authors’ knowledge, our study may be considered as the first research work providing reliability, 
absolute accuracy, correlation and repeatability for SL width dimension measured by US, due to prior US reliabil-
ity studies mainly focused on SL length and thickness5–8.
In addition, MDC values for the SL dimensions, such as length (MDCUS =  0.069 cm versus 
MDCCaliper = 0.083 cm), thickness (MDCUS = 0 cm versus MDCCaliper = 0.021 cm) and width (MDCUS = 0.013 cm 
versus MDCCaliper = 0 cm), showed that US measurements presented a higher absolute accuracy with lower MDC 
values than caliper measures for SL length and thickness dimensions, while caliper displayed greater absolute 
accuracy with lower MDC for SL width dimensions. According to MDC may be used as the change magnitude 
necessary to provide measuring confidence to be sure about these values are not the result secondary random 
variations or measurement errors12, these MDCs may be considered as cut-off reference values to determine SL 
dimensions modifications secondary to anatomic abnormalities5–8, ultrasound-guided invasive procedures9, and 
ligament injuries course after treatment21,22.
Figure 4. Bland-Altman plot comparing Ultrasound and caliper devices to measure thickness of Spring 
Ligament in each foot specimen.
Figure 5. Bland-Altman plot comparing ultrasound and caliper devices to measure width of Spring Ligament 
in each foot specimen.
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In accordance with our findings suggesting that these two techniques may be accurate for determining SL 
dimensions in human cadaveric feet, Harish et al. showed that US may be an effective imaging tool to evaluate 
SL abnormalities in patients with symptomatic posterior tibial tendon conditions compared to MRI as the gold 
standard tool23. In addition, Crim24 stated that MRI may be considered as the first-line evaluation procedure for 
the assessment of the SL conditions. Nevertheless, our study findings did not consider US and caliper measure-
ments under SL conditions, while US and MRI have already been compared showing excellent findings23. As a 
future research line, we propose that both US and caliper reliability should be studied under SL pathologies.
The present study supported an ultrasound technical study for SL dimensions evaluations compared with 
caliper measures as gold standard which may be used as a reference for ultrasound-guided procedures in 
formaldehyde-embalmed human cadavers9. Future studies should consider these procedures in fresh-frozen 
cadavers as well as in vivo with healthy subjects and SL injured patients21,22.
Several limitations should be recognized regarding our approach for anatomical dissection and US proce-
dures. Thus, we could not determinate the whole SL complex morphology and anatomic variations and further 
investigation is need in this field. First, only 2 observers were compared in the present study and future research 
studies should consider several observers for a better accuracy. Second, echogenicity changes could have modified 
the ability to perform the ultrasound measurements in ligament morphology, especially in the width dimensions 
showing a worse accuracy in the present study, given that the tissues have been infused with formalin for preser-
vation due to this procedure can lead to asymmetric contraction of the tissue secondary to its anisotropic nature9.
conclusion
Both US and caliper could be recommended for all SL dimensions evaluation due to their excellent reliability 
and strong correlation in cadavers, although width dimensions should be considered with caution due to US 
repeatability differences.
References
 1. Gazdag, A. R. & Cracchiolo, A. Rupture of the posterior tibial tendon. Evaluation of injury of the spring ligament and clinical 
assessment of tendon transfer and ligament repair. J. Bone Joint Surg. Am. 79, 675–81 (1997).
 2. Sitler, D. F. & Bell, S. J. Soft tissue procedures. Foot Ankle Clin. 8, 503–520 (2003).
 3. Pinney, S. J. & Lin, S. S. Current Concept Review: Acquired Adult Flatfoot Deformity. Foot Ankle Int. 27, 66–75 (2006).
 4. Imhauser, C. W., Siegler, S., Abidi, N. A. & Frankel, D. Z. The effect of posterior tibialis tendon dysfunction on the plantar pressure 
characteristics and the kinematics of the arch and the hindfoot. Clin. Biomech. 19, 161–169 (2004).
 5. Mansour, R., Teh, J., Sharp, R. J. & Ostlere, S. Ultrasound assessment of the spring ligament complex. Eur. Radiol. 18, 2670–2675 
(2008).
 6. Mengiardi, B., Pinto, C. & Zanetti, M. Spring Ligament Complex and Posterior Tibial Tendon: MR Anatomy and Findings in 
Acquired Adult Flatfoot Deformity. Semin. Musculoskelet. Radiol. 20, 104–115 (2016).
 7. Tohno, Y. et al. Characteristics of the Three Ligaments of Human Spring Ligament Complex from a Viewpoint of Elements. Biol. 
Trace Elem. Res. 146, 293–301 (2012).
 8. Patil, V., Ebraheim, N. A., Frogameni, A. & Liu, J. Morphometric Dimensions of the Calcaneonavicular (Spring) Ligament. Foot 
Ankle Int. 28, 927–932 (2007).
 9. Sawhney, C., Lalwani, S., Ray, B., Sinha, S. & Kumar, A. Benefits and pitfalls of cadavers as learning tool for ultrasound-guided 
regional anesthesia. Anesth. Essays Res. 11, 3 (2017).
 10. Hougs Kjær, B., Ellegaard, K., Wieland, I., Warming, S. & Juul-Kristensen, B. Intra-rater and inter-rater reliability of the standardized 
ultrasound protocol for assessing subacromial structures. Physiother. Theory Pract. 33, 398–409 (2017).
 11. Bland, J. M. & Altman, D. G. Statistical methods for assessing agreement between two methods of clinical measurement. Lancet 
(London, England) 1, 307–10 (1986).
 12. Bland, J. M. & Altman, D. G. Statistical methods for assessing agreement between two methods of clinical measurement. Int. J. Nurs. 
Stud. 47, 931–936 (2010).
 13. Pérez-Chirinos Buxadé, C. et al. Assessing subcutaneous adipose tissue by simple and portable field instruments: Skinfolds versus 
A-mode ultrasound measurements. PLoS One 13, e0205226 (2018).
 14. Bossuyt, P. M. et al. STARD 2015: an updated list of essential items for reporting diagnostic accuracy studies. BMJ 351, h5527 (2015).
 15. Bonett, D. G. Sample size requirements for estimating intraclass correlations with desired precision. Stat. Med. 21, 1331–5 (2002).
 16. Eisma, R. & Wilkinson, T. From “Silent Teachers” to Models. PLoS Biol. 12, e1001971 (2014).
 17. Hallgren, K. A. Computing Inter-Rater Reliability for Observational Data: An Overview and Tutorial. Tutor. Quant. Methods 
Psychol. 8, 23–34 (2012).
 18. Lobo, C. C. et al. Ultrasonography Comparison of Peroneus Muscle Cross-sectional Area in Subjects With or Without Lateral Ankle 
Sprains. J. Manipulative Physiol. Ther. 39, 635–644 (2016).
 19. Omar, H., Saini, V., Wadhwa, V., Liu, G. & Chhabra, A. Spring ligament complex: Illustrated normal anatomy and spectrum of 
pathologies on 3T MR imaging. Eur. J. Radiol. 85, 2133–2143 (2016).
 20. Rule, J., Yao, L. & Seeger, L. L. Spring ligament of the ankle: normal MR anatomy. Am. J. Roentgenol. 161, 1241–1244 (1993).
 21. Shen, Z. L. & Li, Z.-M. Ultrasound Assessment of Transverse Carpal Ligament Thickness: A Validity and Reliability Study. 
Ultrasound Med. Biol. 38, 982–988 (2012).
 22. Alves, T., Dong, Q., Jacobson, J., Yablon, C. & Gandikota, G. Normal and Injured Ankle Ligaments on Ultrasonography With 
Magnetic Resonance Imaging Correlation. J. Ultrasound Med. 38, 513–528 (2019).
 23. Harish, S., Kumbhare, D., O’Neill, J. & Popowich, T. Comparison of sonography and magnetic resonance imaging for spring 
ligament abnormalities: preliminary study. J. Ultrasound Med. 27, 1145–52 (2008).
 24. Crim, J. Medial-sided Ankle Pain: Deltoid Ligament and Beyond. Magn. Reson. Imaging Clin. N. Am. 25, 63–77 (2017).
Author Contributions
Authors made substantial contributions to conception and design (F.S.N.; P.P.L.; C.C.L. R.B.B.V.; M.E.L.I.; D.L.L.; 
and I.C.H.), and/or acquisition of data (F.S.N.; R.B.B.V. and I.C.H.), and/or analysis and interpretation (F.S.N.; 
P.P.L.; C.C.L.; R.B.B.V.; M.E.L.I.; D.L.L. and I.C.H.), as well as redaction of the draft and final manuscript (F.S.N.; 
P.P.L.; C.C.L.; R.B.B.V., M.E.L.I.; D.L.L. and I.C.H.).
Additional Information
Competing Interests: The authors declare no competing interests.
1 1Scientific RepoRtS |         (2019) 9:14808  | https://doi.org/10.1038/s41598-019-51384-6
www.nature.com/scientificreportswww.nature.com/scientificreports/
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019
